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Chapter 8
Agent-Based Virtual 
Environments for Marketing:
Processes in Commercial Sector
Rui Wang
The University of Sydney, Australia
Xiangyu Wang
The University of Sydney, Australia
INTRODUCTION
Virtual Environments (VEs) are currently being 
used in an increasingly wide range of areas such 
as simulations (Snowdon, Churchill, & Munro, 
2001), games (Torres, 2008), business (Lanier 
& Biocca, 1992) and decision making (Lurie & 
Mason, 2007). One of the most popular com-
mercialized shared virtual environment systems 
is SecondLife (Linden Lab, 2003). SecondLife 
is an Internet-based virtual world video game, 
which was launched on June 2003, developed 
by Linden Research, Inc. Although SecondLife 
is sometimes referred to as a game, this descrip-
tion does not fit the standard definition. It does 
not have points, scores, winners or losers, levels, 
and end-strategy, or most of other characteristics 
of games. However, there are a variety of systems, 
which have been created within the Second Life 
environment. John Gage, vice president and chief 
researcher at Sun Microsystems, has proposed the 
concept that make it possible for people to build 
virtual products and sell them inside SecondLife 
(Lee, 2007). Many users have already begun to 
build clothes, houses and entire islands that other 
users can buy with Linden dollars, which can be 
converted from U.S. dollars. (Figure 1) shows a 
shopping scenario in SecondLife.
During this virtual shopping process, sellers 
and consumers could see each other’s avatars’ 
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location and body gestures, from which they 
know where and what other people are doing. 
Users could design their own avatars to make 
them unique and recognizable to others. They are 
also able to make their avatars have some, such as 
waving arms or doing a little dance, which could 
help express users’ feeling. Second Life provides 
a shared virtual environment for distributed users 
to collaborate with certain tasks or doing business, 
during which users are able to communicate with 
each other either by text messages or verbally 
chatting. Currently products sold in SecondLife 
are generally virtual objects that are designed and 
created in the virtual environment; however, it is 
possible to connect the virtual shopping system 
with web based e-commerce system and further 
facilitate consumers’ online shopping process 
through interfaces between SecondLife platform 
and web based programming languages such as 
php (Linden Lab, 2003). In that way, the virtual and 
physical worlds could be connected and products 
would be sold in both virtual and physical worlds.
This chapter investigates the potentials of 
SecondLife as a virtual environment to help the 
commercial sector in marketing process. The 
following is a working scenario: SydneyToys is 
a local company that produces and supplies toys 
to most supermarkets (retail stores) in Sydney. To 
make sure that each retail store has enough goods, 
and those products are well presented, SydneyToys 
has to send a number of agents to each retail store 
and check the status, which unavoidably costs lots 
of labor, time and money.
Furthermore, due to different understanding, 
different agents might have different criterion 
when they check the situation of products in retail 
stores. In order to solve these problems, the work 
presented in this chapter develops an agent-based 
virtual marketing network in SecondLife environ-
ment. This virtual world connects the real world 
suppliers and retail stores together based on Ben-
ford’s Mixed Reality boundaries theory (Benford, 
Greenhalgh, Reynard, Brown, & Koleva, 1998).
This virtual world adopts motivated learning 
agent model. The purpose of adopting the agent 
model is to enable the system with intelligence 
so that it could monitor the status in each retail 
store and analyze their requirements in a real 
time manner.
bACKGROUND
Mixed Reality boundaries Theory
Benford et al. (Benford, et al., 1998) introduced 
the concept of classifying shared-space technolo-
gies by the dimensions of transportation, artifi-
ciality and spatiality. (Figure 2) offers a detailed 
classification of shared spaces according to the 
dimensions of transportation and artificiality with 
specific technologies.
The illustration of the broad classification of 
shared spaces according to transportation and 
artificiality highlights the close relationships be-
tween the various approaches and in turn raise the 
issue of how they might be integrated. Therefore 
it was suggested that a more systematic approach 
to joining physical and synthetic, and connecting 
local and remote spaces (Benford, et al., 1998).
As a promising approach to tackle this issue, 
Benford et al. (Benford, et al., 1998) broadened 
the definition of Mixed-Reality as “the joining 
together of whole environments” rather than “the 
Figure 1. Shopping scenario in SecondLife
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merging of real and virtual worlds” (Milgram, 
1994). Based on this definition, they introduced 
the concept of Mixed-Reality boundaries. They 
developed an approach of creating transparent 
boundaries between physical and synthetic spaces 
to support new forms of awareness and communi-
cation between the inhabitants of many distributed 
spaces (Benford, et al., 1998).
(Figure 3) shows how a physical space might be 
linked to a synthetic space through the creation of 
a simple boundary based on Benford’s theory. This 
is based on a combination of projecting graphics 
into the physical space and texturing video into 
the virtual space. In other words, the changing 
geometry of the synthetic space and the avatars 
within it would be transmitted across the network, 
rendered and then projected into the physical 
space. At the same time, a live video image of 
the physical space would be transmitted across 
the network and then displayed in a synthetic 
space through a process of dynamically texture 
mapping the incoming frames so that it appeared 
as an integrated part of the virtual environment. 
Consequently, the inhabitants of the physical 
space would see the synthetic space as an exten-
sion of their physical environment and vice versa. 
Given an additional audio link between the two 
spaces, the inhabitants of each would be able to 
communicate directly with each other (Benford, 
et al., 1998).
Boundaries could be created between two 
physical spaces, two synthetic spaces, or between 
physical space and synthetic space. By creating 
those different types of boundaries, especially 
the physical-synthetic boundaries and synthetic-
synthetic boundaries, their approach is able to join 
many different spaces into a much larger super-
space by using multiple boundaries (Benford, et 
al., 1998).
Based on this theory, online stores, suppliers 
and customers in the three-dimensional (3D) 
virtual environment (SecondLife) and those in 
the real world could be seamlessly connected 
together to build up an immersive mixed world. 
It is supposed that in this mixed world, the mar-
keting process could be better implemented with 
less cost of labour, time and money.
Motivated Learning Agents
Adopting agents in the business models is not 
a new topic. In Rohit and Sampath’s (Rohit & 
Sampath, 2001) paper, several types of agents in 
the collaborative B2C business model and related 
services have been discussed, such as Interface 
Agent, Product Service Agent and Customer 
Retention Agent. It is believed that the intelligent 
agent based software components solves a host of 
problems related with the customer retention and 
Figure 2. Detailed classification of shared spaces 
according to the dimensions of transportation and 
artificiality (Adapted from Benford, et al., 1998)
Figure 3. Creating a simple mixed-reality bound-
ary (Adapted from Benford, et al., 1998)
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customer sales services as well as extending the 
horizon of the business to meet the demands in the 
market and as well to collaborate effectively with 
the peer business groups (Rohit & Sampath, 2001).
However, as the growth and rapid changing of 
current marketing situation, the traditional reflex 
agent models may not fit the needs. Agents with 
higher level of intelligence are in demand. Maher, 
Merrick, and Saunders (2007) have developed a 
computational model for curious environments 
with Motivated Learning Agents as shown in (Fig-
ure 4). Other than previous reflex Agent models, 
their computational model has added Motivated 
Agent and Learning Agent. The motivation process 
takes information from both the sensed environ-
ment and its own memory to trigger learning, plan-
ning, action or other Agent processes. It creates 
goals and stimulates action towards those goals. 
Agents are motivated to create goals to understand 
and repeat interesting events that occur in their 
environment. The role of motivation process in 
this model is to provide signals to direct the learn-
ing process. Firstly, events and observed states 
are received from sensation process. Then those 
different inputs are categorized into various types 
of information. Next, characteristic motivation 
functions are used to compute motivation values. 
Those values are then combined and transferred 
as signals and are passed to the Learning process. 
Learning Process is a key component of curios-
ity as a means of modelling experiences because 
recent experiences are more likely to be the most 
relevant at the current time and similar experi-
ences from any time in the past are likely to be 
relevant to predict what actions to be taken at the 
present. Learning Process will encapsulate new 
knowledge as behaviours once an agent can repeat 
an interesting event at will (Maher, et al., 2007). 
In the proposed framework, there are both simple 
reflect agents model on the retail store side, and 
motivated learning agents module on the supplier 
side. By adopting the motivated learning agents 
model, the proposed system could be more self-
organized and efficient.
THE PROPOsED sYsTEM
Benford’s Mixed Reality boundaries theory is 
applied to the system proposed in this chapter as 
a guide to design the framework. The theory has 
provided a proper approach to seamlessly connect 
physical and synthetic environments in the system. 
(Figure 5) depicts the framework of the system:
Because Second Life environment has inter-
face with other software and tools such as php 
and MySQL, it is possible to connect the virtual 
suppliers and retail stores with the selling systems 
in the real world. Back to the scenario in the in-
troduction section: when a customer is intent to 
Figure 4. Motivated learning agent model (Adapted from Maher, et al., 2007)
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buy a toy, he/she could go to the retail store that 
located nearby in the physical world; alternatively, 
he/she could sit in front of computer in the physical 
world, and browse products in the virtual world. 
After having decided which product to buy, he/she 
could place the order in the virtual store, and then 
will get the virtual product in the virtual world, 
as well as the real product in the physical world 
later on (which will be delivered to the customer 
from the retail store as soon as the store receives 
the order in virtual world). Similarly, when a toy 
is sold by one retail store in the real world, it is 
virtually ‘sold’ in the virtual world retail store as 
well so that the retail stores and the supplier could 
be aware of the stock status with the supports of 
agents modules, which will be discussed in fol-
lowing sections.
Analysis of boundaries
There are three types of boundaries between dif-
ferent spaces: boundaries between physical and 
physical environments, boundaries between physi-
cal and synthetic environments, and boundaries 
between two synthetic environments.
Physical-Physical Boundaries
Represented in black blocks in (Figure 5). This type 
of boundaries is the physical-physical boundaries, 
which exist in the real world, such as walls, doors, 
or roads that connect two physical spaces. In this 
scenario, the physical-physical boundaries could 
be the obstacles in the real world that between 
the supplier and retail stores. For instance, when 
a customer wants to buy a toy in the retail store, 
he/she should enter the door of the store, and the 
door could be recognized as a physical-physical 
boundary that between one physical place (the 
retail store) and another physical place (the outside 
space); moreover, when the customer leaves his/
her house for the retail store, the door of his/her 
house could be recognized as a physical-physical 
boundary that exists between one physical space 
(the house) and another physical space (the outside 
space). Therefore, the three spaces (the customer’s 
Figure 5. System framework
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house, the outside space, and the retail store) are 
connected together by the two physical-physical 
boundaries.
Physical-Synthetic Boundaries
Represented in white blocks in (Figure 5). This 
type of boundaries is the physical-synthetic bound-
aries, which exist between the real world and the 
virtual world. By creating transparent boundaries 
between physical and synthetic spaces to support 
new forms of awareness and communication be-
tween the inhabitants of many distributed spaces. 
While implementing e-business in the SecondLife 
environment, the changing geometry of the syn-
thetic space and the avatars within it would be 
transmitted across the network, rendered and then 
projected into the physical space. At the same 
time, the users’ operations and behaviors in the 
physical space would be transmitted across the 
network and then displayed in a synthetic space 
through a process of dynamically animations so 
that it appeared as an integrated part of the virtual 
environment. Consequently, the inhabitants of 
the physical space would see the synthetic space 
as an extension of their physical environment 
and vice versa. Given an additional audio link 
between the two spaces, the inhabitants of each 
would be able to communicate directly with one 
another. For instance, when a customer is intent 
to browse and buy products within the virtual 
environment, he/she will be represented as a vir-
tual avatar in SecondLife therefore he/she could 
enter virtual buildings, view virtual products and 
communicate with other virtual avatars, which 
represent other people in real world. The interac-
tions that the customer in the physical world takes 
to communicate with the virtual world could be 
recognized as physical-synthetic boundaries. On 
the other side, the retail stores and the supplier 
build up virtual stores and virtual products in 
the SecondLife environment, and there will be 
a number of virtual avatars in the virtual world, 
which represent the sales person in the physical 
world. The interactions that the sales persons in 
the physical world take to communicate with the 
synthetic world could be recognized as physical-
synthetic boundaries as well.
Synthetic-Synthetic Boundaries
Represented in grey blocks in (Figure 5). This 
type of boundaries exists between synthetic 
spaces, including portals that link distinct virtual 
worlds and bounded sub-regions of a single world 
that have different effects on mutual awareness 
(Benford, et al., 1998). In the e-business context 
in SecondLife, it could be the virtual obstacles in 
the environment such as virtual walls and doors. 
For instance, when a customer’s avatar enters a 
virtual store in the SecondLife environment, the 
entrance of the virtual store could be recognized 
as a synthetic-synthetic boundary, which links one 
synthetic space (the virtual building that represents 
the store) and another synthetic space (the outside 
space of the virtual store). Furthermore, the ava-
tars could transport themselves from one space to 
another space in the SecondLife environment; for 
instance, a customer could be transported from 
his/her “house” to the virtual store directly. The 
transportation could be recognized as a synthetic-
synthetic boundary as it connects two synthetic 
spaces, the customer’s virtual house and the virtual 
store together.
By creating those different types of boundar-
ies, especially the physical-synthetic boundaries 
and synthetic-synthetic boundaries, this approach 
is able to join many different spaces into a much 
larger super-space by using multiple boundaries. 
Those boundaries could exist between physical 
and synthetic spaces, physical and physical spaces, 
or synthetic and synthetic spaces. In the scenario 
in this chapter, by creating those three types of 
mixed-reality boundaries, the customers, and the 
retail stores and supplier in the real world, as well 
as those in the virtual world could be seamlessly 
connected.
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AGENTs MODULEs
The agents module could exist in both real world 
and virtual world and they are monitoring and 
learning different types of evens. In real world, the 
agents module could be combined with the sell-
ing system and therefore monitors the marketing 
situation in each retail store; agent in each retail 
store side could tell the supplier whether a specific 
retail store has enough stock, and whether their 
products are selling in reasonable prices in that 
store. On the retail stores side, the simple reflex 
agents model is adopted, as shown in (Figure 6) 
(Russell, Norvig, & Canny, 2003):
In the virtual world, the agents could recognize 
each customer by their SecondLife user names, 
and record the customers’ shopping preferences. 
In the real world, it is usually difficult to track 
and record customers’ profile due to a number 
of reasons: it is difficult to identify customers; 
customers do not wish to participant; customers 
do shopping in different locations and so on.
However, in the virtual environments, the 
agents module could solve some of the problems. 
Because each user in the SecondLife environments 
has a unique user id, it is easy to recognize and 
track the users’ behaviors. Some of those be-
haviors, such as shopping preferences, could be 
automatically recorded. The reflex agents module 
on the retail stores side is a basic agent that is 
rule-based. It sensors interesting events from the 
environment and generates reasonable effects. It 
could also contain search agent that automatically 
get useful information from Internet or database 
when needed. For instance, it could search for 
the stock status in the nearest retail store when 
product in the current store is sold out, and make 
the order automatically.
Motivated Agents Module is adopted on the 
supplier side, which is shown in (Figure 7) (Rus-
sell, et al., 2003). Those monitored data could 
be stored in the database and meanwhile sent to 
the supplier. The motivated agent module on the 
supplier side receives data from retail stores and 
them analyze the data. The learning process is 
triggered by motivated agent and encapsulates 
new knowledge as behavior when monitored 
events have been repeated. The database gets the 
knowledge from learning and this information 
could then in turn affects the motivation process; 
accordingly, the learning process is not only af-
fected by current motivation, but may also by 
previous experiences stored in database. Database 
on all the retail stores sides are synchronized in 
real-time through network. Therefore, the agents 
module on supplier side gets information from 
each retail store. After the activation process, 
information is sent to effectors in all retail stores 
(Russell, et al., 2003).
The products are not only on sale in the real 
world stores; with the help of the system, they could 
also be sold in the virtual world. Since there are 
more than 2 million people playing in SecondLife 
and a lot of business is being processed here, it is 
likely that when visitors see the products in the 
virtual world retail store, they would like to place 
orders and get the goods in both the virtual and 
real worlds. Therefore, the real and virtual worlds 
are seamlessly connected.
Figure 6. Simple reflex model (Adapted from 
Russell, et al., 2003)
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sUMMARY AND FUTURE WORK
This chapter presents the use of immersive virtual 
reality concept to design a distributed marketing 
system for commercial sector based on the Mixed 
Reality boundaries theory and Motivated Learning 
Agents model. Prototyping of the system will be 
developed in the future work. The system could 
seamlessly connect multiple physical and virtual 
environments together and afford benefits to 
the marketing process. The system framework 
demonstrates the potentials and possibility that it 
could advance the current practice of distributed 
marketing process.
REFERENCEs
Benford, S., Greenhalgh, C., Reynard, G., Brown, 
C., & Koleva, B. (1998). Understanding and con-
structing shared spaces with mixed-reality boundar-
ies. ACM Transactions on Computer-Human Inter-
action, 5(3), 185–223. doi:10.1145/292834.292836
Lanier, J. A., & Biocca, F. (1992). An Insider’s 
View of the Future of Virtual Reality. The 
Journal of Communication, 42(4), 150–172. 
doi:10.1111/j.1460-2466.1992.tb00816.x
Lee, E. (2007). Listening in on Sun and Second 
Life at iMeme. The Tech Chronicles. Retrieved No-
vember 5, 2009, from http://www.sfgate.com/cgi-
bin/blogs/techchron/detail?blogid=19&entry_
id=18513
Linden Lab (Producer). (2003). Second Life. 
Podcast retrieved from http://secondlife.com/
Lurie, N. H., & Mason, C. H. (2007). Visual 
representation: Implications for decision making 
[Review]. Journal of Marketing, 71(1), 160–177. 
doi:10.1509/jmkg.71.1.160
Maher, M. L., Merrick, K., & Saunders, R. 
(2007, November 7). From Passive to Proactive 
Design Elements: Incorporating Curious Agents 
into Intelligent Rooms. Paper presented at the 
Computer-Aided Architectural Design Futures 
(CAAD Futures).
Milgram, P., Takemura, H., Utsumi, A., & Kishino, 
F. (1994). Augmented Reality: A class of displays 
on the reality-virtuality continuum.
Rohit, R. V., & Sampath, D. (2001). Agents 
Based Collaborative Framework for B2C Busi-
ness Model and Related Services. In Innovative 
Internet Computing Systems (LNCS 2060, pp. 
126-133). Berlin: Springer.
Figure 7. Motivated learning agents model (Adapted from Russell, et al., 2003)
137
Agent-Based Virtual Environments for Marketing
Russell, S. J., Norvig, P., & Canny, J. F. (2003). 
Artificial Intelligence: A Modern Approach (2nd 
Illustrated Ed.). Englewood Cliffs, NJ: Prentice 
Hall.
Snowdon, D., Churchill, E. F., & Munro, A. J. 
(2001). Collaborative Virtual Environments: Digi-
tal Spaces and Places for CSCW: An Introduction. 
In E. F. Churchill, D. N. Snowdon & A. J. Munro 
(Ed.), Collaborative Virtual Environments: Digital 
Places and Spaces for Interaction (2nd Illustrated 
Ed., pp. 3-17). London: Springer-Verlag.
Torres, D. (2008). On virtual environments and 
agents in next-generation computer games. [Re-
view]. The Knowledge Engineering Review, 23(4), 
389–397. doi:10.1017/S0269888908000040
